Abstract: Molecular dynamics simulation is applied to Poiseuille flow of liquid methane in planar graphite channels, covering channel diameters between 3 and 135 nm. On this length scale, a transition is found between the regime where local ordering induced by the wall dominates the entire system and larger channel diameters where the influence of boundary slip is still present, but of a more limited extent. The validity of Darcy's law for pressure-driven flow through porous media is not affected by the transition between these regimes.
On the nanometer length scale, continuum approaches like the Navier-Stokes equation break down, cf. Karnidiakis et al. (2005) . Therefore, the study of nanoscopic transport processes requires a molecular point of view and preferably the application of molecular dynamics (MD) simulation.
In the past, MD could be applied to small systems with a few thousand particles only, due to the low capacity of computing equipment. Consequently, a large gap between MD simulation results on the one hand and experimental results as well as calculations based on continuum methods was present. The constant increase in available computational power is eliminating this barrier, and the characteristic length of the systems accessible to MD simulation approaches micrometers, see also Bernreuther and Vrabec (2005) for a discussion of efficient massively parallel simulation algorithms and their implementation.
The present work deals with the flow behavior of liquid methane, modeled by the truncated and shifted Lennard-Jones (LJTS) potential, cf. Allen and Tildesley (1987) , confined between graphite walls. While the LJTS potential can also be applied to the interaction between the solid wall and the fluid, the carbon structure itself is modeled using a rescaled variant of the Tersoff (1988) multi-body potential. The unlike interaction parameters of the LJTS potential acting between methane and carbon were determined according to the Lorentz-Berthelot combination rule with the Lennard-Jones parameters of Wang et al. (2000) for 'pure' sp 2 configured carbon. MD simulations of methane confined between graphite walls with up to 4,800,000 interaction sites, i.e. carbon atoms and methane molecules, were conducted while the channel diameter was varied to include both the boundary-dominated regime and the transition to the continuum regime. A pressure gradient was induced by an external gravitation-like acceleration acting on all methane molecules and a force in the opposite direction acting on the carbon atoms of the graphite wall. The flow was regulated using a proportionalintegral controller such that the wall velocity was zero while the fluid reached a specified average velocity.
The fluid-solid interaction induces a local ordering in the vicinity of the wall. For channel diameters below 5 nm, cf. Fig. 1 , this effect determines the structure of the entire system. The resulting velocity profile is affected by the local structure and therefore does not exhibit an exactly parabolic shape. However, aggregated quantities such as the slip velocity and the slip length, serving as boundary conditions for higher-order CFD methods and in particular for Navier-Stokes solvers, can be determined by extrapolating a parabolic fit as shown in Fig. 2 .
For channel diameters between 20 and 50 nm, the boundary slip undergoes a qualitative transition, cf. Fig. 3 . In an extremely narrow channel the regular ordering of the fluid molecules due to the vicinity of the wall entirely dominates not only the static structure, but also the fluid dynamics. With respect to the characteristic direction of the system, this highly ordered structure does not support the extreme velocity gradient that would be implied by the no-slip condition.
However, down to molecular length scales, the pressure drop −∆p/∆z is approximately propor- 
